Traces of the exonuclease RNAse II are retained by 15. coll ribosomes purified by conventional high salt washing. The residual activity can give rise to serious artifacts, especially in physical studies.
INTRODUCTION
For some time it has been recognized that crude ribosome preparations contain nuclease activity.
In order to remove this activity, treatment of crude bacterial ribosomes with high concentrations of salts such as ammonium chloride was adopted. ~ This treatment was found to remove other contaminating proteins as well as initiation factors, and is widely used to provide a 2 reasonably uniform and factor-free preparation.
It has now come to be recognized that high salt washing, which is so conveniently used for purification of ribosomes, can unfortunately also cause depletion of intrinsic 9 c ribosomal proteins. There seems to be correspondingly little concern about how efficiently nucleases are removed by high salt washing. In the course of circular dichroism measurements of template polynucleotide and tRNA binding to E. coll ribosomes, we found that spectral changes which we first assigned to conformational changes in the ribosome were due instead to degradation of polynucleotide by traces of the exonuclease RNase II remaining in the high salt washed preparations. Moreover, we determined that nuclease activity sufficient to produce such artifacts is generally present in high salt washed E. coli ribosomes prepared by others.
Contamination of ribosomes by the endonuclease RNase I can be easily avoided by use of E coli strains deficient in RNase I, as is commonly done.
But these strains still produce other nucleases Including RNase II. The degradation of template polynucleotide in crude amino acid incorporation systems, described some time ago by Nirenberg, is traceable to contamination by RNase II. 6 In their characterizations of RNase II activity, Spahr and
Singer assessed its distribution during cytosol fractionation and found that a sizable proportion of the total activity remains with the ribosomes even after several cycles of dissolution and pelleting at low to moderate salt concentration. The original descriptions of techniques for high salt  3,4   8 washing'''"' do not really assure complete nuclease removal by the usual procedure of two or three cycles of dissolution and pelleting; and it appears that many such cycles of high salt washing may be required. There is also independent evidence that a limited amount of RNase II tightly bound to the ribosome is protected from inactivation.
RESULTS AND DISCUSSION
We wished to examine conformational changes that might occur in the ribosome during the various stages of protein synthesis. We chose ultraviolet circular dichroism (CD) as a probe for gross conformational alterations, and selected the nonenzymatic binding of poly(U) and tRNA p e to the _E. coli 70S ribosome for our initial studies. We purified crude ribosomes prepared from J5. coli MRE-600 (an RNase I deficient strain) by two cycles of dissolution and pelleting in 2M NH^Cl, being unaware that appreciable RNase II activity would remain. Addition of poly(U) to these ribosomes produced small but significant CD differences ( poly(U) mixture led to differences of another form (Fig. lb) That these CD changes are, instead, an artifact occurred to us only when we looked at the CD effect of binding poly(C). The result with poly(C) was a very large negative CD difference centered around 275 nm, indicating the loss of secondary structure of the poly(C). Poly(U) binds much better to ribosomes than other polyribonucleotides because of its relative lack of 9 secondary structure.
Since weak binding of poly(C) would not be expected to lead to such a large loss of secondary structure, we considered degradation of the poly(C), and of the poly(U) as well, as the possible explanation of the CD changes. To test this hypothesis, poly(U) that had been exposed to the high salt washed ribosomes for 1 h under the conditions of the CD experiments was fractionated by gel filtration ( To determine whether the polynucleotide degrading activity was a peculiarity of our own ribosome preparations, or whether it is generally present in high salt washed preparations, we examined such preparations obtained from several other investigators, from M. Cashel, from E. Hamel, and from H. Weissbach and N. Brot. All of these preparations possessed degradative activity against poly(U) when measured under our binding conditions, so that the poly(U) was degraded to small products and CD differences of the type of Fig. la were generated.
In order to repeat the CD measurements under conditions where the poly(U) would not be degraded, we attempted to separate the degradative activity from high salt washed ribosomes by band sedimentation through a sucrose gradient (Fig. 3 ). This procedure left the poly(U) degrading or poly(U) plus tRNA to high salt washed ribosomes further purified by sedimentation through a sucrose gradient gave no significant CD differences, as shown in Fig. 4 . Thus, there is no evidence that binding of these substances to high salt washed ribosomes produces CD differences other than those due to the degradation of poly(U).
We further characterized that degradative activity as RNase II by following the disappearance of poly(U) and the generation of its degradation products.
Gel filtration using a matrix of high exclusion limit showed (Fig. 5 ) that the degradation of poly(U) was an exonucleolytic process. The degradation gives small product throughout its course, without accumulation of long chain intermediates, and goes to near complete conversion to small product before exhaustion of the poly(U). The end product from poly(U) was established as 5'UMP by thin layer chromatography (Table I ). The mode of degradation and the 5'-mononucleotide end product are entirely consistent with the processive attack of polyribonucleotides from the 3' terminus which is characteristic (6,7,12) of RNase II. Despite the large amount of literature on ribosome preparation, some potentially undesirable procedures may be in fairly common use. While dissolution and pelleting from high salt media is conveniently used in ribosome purification, there are at least two problems with the procedure.
(1) The ribosome is exposed to a salt concentration at which ribosomal components may dissociate. (2) Pelleting through the solution allows continued contact between ribosome and contaminant particles. If the removal of ribosomal proteins is to be prevented, high salt concentrations must be avoided (although RKase II could be removed efficiently by chromatography, 4 12 14 rather than pelleting, under high salt conditions * ' ). The method of choice for exhaustively removing RNase II but still avoiding removal of ribosomal proteins appears to be band sedimentation through a sucrose gradient at low salt concentration; this procedure has been explored by Singer , who has used it successfully to purify ribosomes for polynucleotide binding experiments.
Consideration of these problems leads also to the perhaps obvious conclusion that no procedure for purifying a complex entity such as the ribosome may be wholly satisfactory for all purposes. Therefore the preparation method has to be optimized for each particular use for which ribosomes are preparedthus, for use in the spectroscopic determination of conformational changes involving template RNA binding, ribosomes must be freed of enzymes attacking the RNA -and, if need be, at the expense of some properties of the ribosome. 
